UM. Ezopos, H.®. bnacosewenckasn, A.C. Kanuwun, T.J[. Bopucosa, I'A. 3acopckuti
XapakTepuCTHKU MeJIKOMACIITAOHBIX HCKYCCTBEHHBIX HEOTHOPOXHOCTEIA. .

OPU3ZUKA ATMOCO®EPBI U TUAPOCD®EPBbI
ATMOSPHERE AND HYDROSPHERE PHYSICS

OpurunanabHas cratbs / Original paper

https://doi.org/10.30758/0555-2648-2025-71-1-6-16 @
VIIK 533.951

Features of small-scale artificial irregularities
in the high latitude ionospheric F-region
from remote sensing observations

Ivan M. Egorov®, Nataly F. Blagoveshchenskaya, Aleksey S. Kalishin,
Tatiana D. Borisova, Gleb A. Zagorskiy

State Scientific Center of the Russian Federation Arctic and Antarctic Research Institute,
St. Petersburg, Russia

Mimegorov@aari.ru

IME, 0009-0004-7062-6161; NFB, 0000-0003-1752-3273; ASK, 0000-0001-7299-6546;
TDB, 0000-0003-1727-5310; GAZ, 0000-0002-4342-7907

Abstract. Powerful HF radio waves interacting with the ionosphere accelerate or heat electrons, pushing
the ionospheric plasma out of equilibrium and leading to the creation of various non-linear phenomena. One
of the most prominent phenomena discovered from HF heating experiments is the generation of small-scale
artificial field-aligned irregularities (AFAI). AFAI induce bi-static scattering of HF and VHF signals, providing
their propagation in the frequency range and over distances unattainable in the natural ionosphere. This makes it
possible to create HE-driven radio communication channels. We present results from an EISCAT/Heating (Tromsg,
Norway) experiment on 18 February 2013, concerning the features and behaviors of AFAI in the high latitude
ionospheric F-region induced by high power HF radio waves with O- and X-mode polarization using the bi-static
scatter method. Joint use of various remote diagnostics tools, including the multichannel HF Doppler equipment,
oblique sounding and the CUTLUSS backscatter radar provides a more comprehensive and complete AFAI study,
including the size of the artificially disturbed region occupied with AFAL the frequency band of bi-static scatter
signals (BSS), the fine structure of BSS, the intensity, growth and decay times of AFAL It has been found that
O- and X-mode AFAI have different characteristics and generation mechanisms.
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Introduction

The diagnostics and forecasting of phenomena occurring in near-Earth space and
produced by solar-terrestrial connections is becoming an increasingly urgent task since
automatic spacecraft operate there and astronauts work at manned space stations. In addition,
the ionosphere is a medium that influences radio wave propagation, thereby affecting
the performance of radio communication, navigation and telecommunications systems. One
of the methods for studying the ionosphere is to radiate into it powerful HF radio waves
using special high-power ground-based HF radio transmitters, so-called HF heating facilities.
Powerful HF radio waves interacting with the ionosphere accelerate or heat electrons, pushing
the ionospheric plasma out of equilibrium. Investigations of the artificially disturbed local
region of the ionosphere that arises in this case are of considerable interest to scientists due
to the possibility of studying the physical features of variations in ionospheric parameters
that are not fully understood today compared with their observations in natural conditions.
The interaction of high-power HF radio waves with the ionosphere leads to a variety of non-
linear phenomena in the ionosphere that can be studied on a controlled and repeatable basis.

One of the most prominent phenomena discovered from HF heating experiments
is the generation of small-scale artificial field-aligned irregularities (AFAI), which were
profitably investigated at all HF heating facilities in the world [1-4]. AFAI induce bi-
static scattering of short-wave and ultra-short-wave (HF and VHF) signals, providing their
propagation in the frequency range and at ranges unattainable in the natural ionosphere.
This makes it possible to create HF-driven radio communication channels.

The modification of the ionospheric F-region by powerful HF radio waves is
commonly produced by using ordinary (O-mode) polarized radio waves. In this case, radio
waves effectively interact with ionosphere plasma of F2 layer at altitudes between the upper
hybrid resonance and the HF wave’s reflection point. This leads to thermal parametric
(resonance) instability excitation, which, in turn, leads to the generation of AFAI [2, 3].

It is well known that the ordinary mode of the HF radio wave reflects from
the ionosphere at an altitude where the plasma frequency f, is equal to the frequency of
the HF radio wave f,, /.2 = f,}.

The extraordinary (X-mode) HF radio wave reflects from the ionosphere at the point
where the local plasma frequency is determined as f,* =1, (f,, — f.,), where f. is the electron
gyro frequency. Hence, the extraordinary mode wave reflection point is lower than
the height of the upper hybrid resonance and the height of the ordinary wave reflection
point. Accordingly, the extraordinary polarized (X-mode) high power HF radio wave is
not able to cause AFAI generation via thermal parametric (resonance) instability.

However, the results of recent experiments at the EISCAT (European Incoherent
Scatter Scientific Association) HF heating facility have conclusively demonstrated that
the X-mode HF pump wave is also able to excite AFAI in the ionospheric F-region [5-7].

In this article, we present comparative results of AFAI features and behaviors induced
by O- and X-mode high power HF radio waves (HF pump waves) by the bi-static scatter
method using multichannel HF Doppler equipment, oblique sounding and CUTLUSS
backscatter radar observations.
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Experiment

The experiment was carried out on 18 February 2013 at evening hours in quiet
magnetic conditions. The modification of the high latitude ionospheric F-region was
produced by the HF heating facility (EISCAT/Heating) placed in Tromse, Norway
(69.58° N; 19.21° E) [8]. The high power O- or X-polarized HF radio wave was radiated
in the field—aligned direction, or towards the magnetic zenith (the HF heater beam was tilted
by 12° south of the vertical) at a frequency of f;, = 4544 kHz. HF pumping was done in
the CW mode by cycles of 10 minutes “ON” and 5 minutes “OFF”. For radiation, phased
array antenna number 2 was used with a pattern width of about 12—14° at — 3 dB level.
The effective radiated power (ERP) was about 190 MW. In the course of the O-mode
HF pumping, the heater frequency fH was close to the critical frequency of the F2 layer
Jor Uy = fopy)» while the X-mode pumping was done when f, > f_ ..

For remote sensing of HF-induced phenomena in the ionospheric F-region by the bi-
static scatter method, multichannel HF Doppler equipment was used. It was installed at
the AARI Gorkovskaya (GRK) Observatory near St. Petersburg, located at a distance of
about 1,200 km away from the HF Heating facility at Tromse. As diagnostic transmitters,
the world HF AM broadcasting stations at Issoudun (France) and Vatican City, operated at
frequencies of 15,180 kHz and 15,535 kHz respectively, were used. The AARI’s mobile
multichannel HF Doppler equipment was also installed at the Roshydromet station at
Lovosero (LOZ) in the Murmansk region (68.00° N; 35.02° E). The distance between
the EISCAT/Heating facility and the LOZ station is 660 km [9].
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Fig. 1. The geometry of the experiment on 18 February 2013 with the use of the EISCAT HF
heating facility, the CUTLASS HF coherent radar, an oblique sounder on the Sweden — Tromse —
St. Petersburg radio path and AM HF broadcasting stations with receivers at GRK and LOZ stations

Puc. 1. 'eomerpus sxcniepumenta 18 despaist 2013 1. ¢ nenons3oBanreM HarpesHoro ctenaa EISCAT,
KB pamapa CUTLASS, tpaccsr HakioHHOT0 HOHO30Ha I1IBers — Tpomcé — Cankr-IletepOypr n
KB BemaTenbHbIX cTaHIUH ¢ IpUEMHUKaMU Ha cTaHIUAX «lopbKkoBckasy U «JIoBo3epo»
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The CUTLASS (Collaborative UK Twin Located Auroral Sounding System)
HF coherent radar [10], located at Hankasalmi, Finland (62.31° N; 26.61° E), was also
utilized for AFAI diagnostics by the backscatter method. It is about 1,000 km to the south
of the Tromse EISCAT/heating facility. The CUTLASS radar runs in a stereo mode with
range resolution of 15 km and temporal resolution of 3 s. Beam 5 was chosen with
a narrow pattern of about 3.3° directed to the artificially disturbed region over Tromse.
The measurements were made simultaneously at frequencies of 9.9-10 MHz and 13.2—
13.3 MHz. This allowed us to investigate AFAI behavior and features with a size across
the geomagnetic field of / ~15 m and / ~11,1 m (I, = ¢/2f, where f'is the CUTLUSS
radar operating frequency, c is the velocity of light). The choice and control of the heater
frequencies were made in accordance with the Tromse Ionosonde.

Apart from that, an automatic chirp ionospheric oblique sounder with linear frequency
modulation (LFM) [11] ran on the Sweden — St. Petersburg radio path to receive the signals
scattered from the AFAL. The LFM signals were received from Sweden (65.82° N;
21.70° E). The transmitter power was about 200 W. The reception point of the oblique
sounder was located at the AARI Gorkovskaya Observatory. Oblique ionograms provide
information concerning the regular propagation modes on the Sweden — St. Petersburg
direct path. In the course of the experiment, signals scattered by the AFAI on the Sweden —
Tromse — St. Petersburg path were also observed on the ionograms.

Thus, in the course of the experiment on 18 February 2013, three different methods
of AFAI diagnostics were utilized to provide different data sets related to the AFAIT features
and behaviors. The geometry of the experiment is shown in Fig. 1.

Results and discussion

The bi-static signals scattered from the AFAI (BSS) were recorded by multichannel
HF Doppler equipment. On the dynamic Doppler spectra, they appeared as additional
spectral components (scattered signals) shifted by a frequency to a positive or a negative
range relative to the “zero” frequency, corresponding the HF signal carrier, which
propagates along the great circle path (a direct signal). The additional spectral components
appeared in the heater-on cycles and disappeared when the HF pumping was switched off.
The value and the sign of the Doppler frequency shift is determined by the AFAI velocity
vector in the artificially disturbed region.

Fig. 2 presents the dynamic Doppler spectra taken in the course of alternating O/X-mode
HF pumping towards the magnetic zenith (MZ) at f,, = 4544 kHz on 18 February 2013.
As seen in Fig. 2, the AFAI behavior differed during the O- and X-mode heating cycles.
In the course of the O-mode HF pumping, the BSS were registered almost simultaneously
with the heating facility turned-on and disappeared just after the heating was turned-off
(see Fig. 2, left panel). By contrast, on X-mode cycles the AFAI growth time was about
1 min in the first cycle from the “cold” start and the decay reached a few minutes through
the whole 5 min pause between the heater-on cycles (see Fig.2 right panel). In both cases,
signals scattered by the AFAI with a size across the geomagnetic field of /, ~10 m occurred.

Fig. 3 presents the CUTLUSS radar data received on the same day on 18 February
2013 from 14:30 to 18:00 UT with O- and X-mode HF pumping towards the magnetic
zenith (MZ). It is important to emphasize that the size of the artificially perturbed region
occupied by the AFAI was much larger when observed with O-heating than with X-heating.
As seen from Fig. 3, under O-mode HF heating it reached an extension of 120—150 km (8-10
gates between 2838 range gates), while the size of the perturbed region with X-mode the
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Fig. 2. BSS received on Issoudun — Tromse — Lovozero and Vatican City — Tromse — Lovozero
radio paths during the alternative O/X-mode HF heating experiment on 18 February 2013.
The HF pump wave radiated towards the magnetic zenith at frequency £, = 4544 kHz by cycles 10 min
on, 5 min off. The effective radiated power was ERP ~190 MW. The pump cycles and polarization
are marked on the time axis

Puc. 2. PakypcHo-paccestHHbIe cursainsl Ha paguorpaccax Vcynén — Tpomcé — JloBozepo u Baru-
kaH — Tpomcé — JloBozepo Bo Bpems O-/X-Harpesa 18 despans 2013 . Momnast KB paanoBonHa
U3Jydanach B HarpaBJIeHUH MarHUTHOTO 3¢HUTA Ha YacToTe f, = 4544 k[’ uknamu 10 MUHYT HarpeB
u 5 MuHyT nay3a. DddexTrBHas MOITHOCTh u3ny4deHus: ERP ~190 MBT. I{ukibl HarpeBa u MOJbI
MOJISIPU3ALIUY YKa3aHbl HA BPEMEHHBIX 0CAX
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Fig. 3. CUTLASS radar data (beam 5) at frequencies of about 10 and 13 MHz during the alternative
O/X-mode HF heating experiment on 18 February 2013. The HF pump wave radiated towards
the magnetic zenith at frequency f,, = 4544 kHz by cycles 10 min on, 5 min off. The effective radiated
power was ERP ~190 MW. The pump cycles and polarization are marked on the time axis

Puc. 3. [lannbie pagapa CUTLASS (i1yu 5) Ha yactoTax okoso 10 u 13 MI' BoBpems: O-/X-Harpesa
18 despans 2013 . Mommnas KB pagroBoiHa u3iydanach B HalpaBJICHUH MarHUTHOTO 3€HUTA Ha
vacrore f,, = 4544 xI'u mminamu 10 MUHYT Harpes W 5 MUHYT may3a. D(QeKkTHBHAS MONIHOCT
uznydenust ERP ~190 MBT. I{ukibsl HarpeBa 1 MOJbI OJSIPU3ALIMY YKa3aHbl HA BDEMEHHBIX 0CAX
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AFAI was only 60-105 km (47 gates between 28-35 range gates) from the CUTLASS
measurements. The AFAI growth and decay times significantly differ for O- and X-mode HF
pumping. The characteristic feature of the AFAI behavior upon X-mode heating is a large
decay time that exceeds pauses between heater-on cycles (~5 min). Thus, the back scattered
signals are continuously received, with the intensity increasing during the heater-on cycles.

The effects produced by the O- and X-mode HF pumping in the high-latitude
ionospheric F-region, from the oblique ionograms on the Sweden — Tromsg —
St. Petersburg radio path are demonstrated in Fig. 4. They are displayed as an additional
track with the group delay time of scattered signals relatively to the regular propagation
modes. This difference in the group delay time is caused by the different propagation
lengths from the transmitter to the receiver for direct signals, propagating along the great
circle path and signals scattered by the AFAI, generated above Tromse, which propagated
on the Sweden — Tromse — St. Petersburg path. The duration of one oblique transmitting
session was 2 minutes. Both oblique ionograms were recorded at the beginning of the turn-
on cycles. The left ionogram was taken at the beginning of the O-mode heater-on cycle at
14:31 UT. The right ionogram was recorded at the beginning of the X-mode heater-on cycle
at 16:46 UT. As seen in Fig. 4, BSS upon O-mode heating were registered in the frequency
band between 10 and 15 MHz. It corresponds to the AFAI size across the geomagnetic
field from /, ~10 m to /, ~15 m. Upon X-mode HF pumping the AFAI size was larger as
compared with the O-mode heating. BSS were registered in the frequency band between
9 and 11.5 MHz, which corresponds to the size of the AFAI across the geomagnetic field
from /, ~13 m to /, ~17 m. Despite the fact that the AFAI were generated both during O-
and X-mode heating, the power of the X-mode AFAI observed at f, > /.., was ~ 6-9 dB

Sweden (65.82° N 21.7° E) — GRK (60.27° N 29.38° E)
2013.02.18 14:30:51 UTC 2013.02.18 16:45:51 UTC

0-mode X-mode

b s - Bss

2 7 12 17 22 7 12 17 22
f, MHz f, MHz

Fig. 4. The oblique ionograms with signals scattered from the AFAI on the Sweden — Tromse —
St. Petersburg radio path during the O- and X-mode HF pumping on 18 February 2013. The HF pump
wave radiated towards the magnetic zenith at frequency f,, = 4544 kHz by cycles 10 min on, 5 min
off. The effective radiated power was ERP ~190 MW. The BSS signals are marked with arrows

Puc. 4. MoHOrpaMMBbl HaKJIOHHOTO 30HIMPOBAaHHS MOHOC(EPH! C CHIHAJIaMH, PAaCCESHHBIMU OT
MEJIKOMAacIITaOHBIX NCKYCCTBEHHBIX HEOIHOpORHOCTel Ha pammorpacce IlIerus — Tpomcé —
Cankr-IletepOypr Bo Bpemst O-/X-Harpesa 18 ¢eBpans 2013 . Momnas KB pannoBosina nzinyda-
JIach B HANPABJICHAN MarHATHOTO 3€HUTA Ha YacToTe f,, = 4544 k[’ muknamu 10 MUHYT Harpes u 5
MHHYT nay3a. D¢ dexruBHas MoHocTh n3rydeHus ERP ~190 MBT. PakypcHo-paccessHHbIC CUTHAIIB
YKa3aHbl CTPEJIKaMH1
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Fig. 5. The behavior in time of the critical frequency of the F2 layer (f_,), and the heater frequency f,

(top panel) and the maximum observable frequencies with one and two reflections from the F2 layer

(modes MOF 1F2 and MOF 2F2) and the frequency band, in which the AFAI are generated (Af,,)

(bottom panel), in the course of the EISCAT Heating experiment on 18 February 2013

Puc. 5. Xox xputndeckux 4actor F2 ciost moHocheps! (f,,,) U 9aCTOTa HArPEBHOTO KOMILIEKCA
Jy; (BepxHuii TpaduK), MAKCHMAIBHO HAOMIOIaEMBIEe YaCTOTHI OTHOKPATHOTO U JIBYKPaTHOTO OTpa-
sxeHus ot F2 cnost nonocdepsr (mogst MOF 1F2 u MOF 2F2) u yacToTHBIH JHamna3oH, B KOTOPOM
TIOSIBIISUTICH MEJIKOMACIITaOHble HOHOC(EpHbIE NCKYCCTBEHHBIE HEOMHOPOIHOCTH (Af, ) (HWKHHI

BSS
rpaduk), B xone HarpeBHoro skcriepumenTa Ha crenae EISCAT 18 despans 2013 .

lower compared to the O-mode AFAI with the conditions of f, = f_,. It is important to
note that during the experiment the critical frequency of the F2-layer (f,,) dropped from
4.6 to about 2.5 MHz (see Fig. 5).

It was found that the X-mode AFAI are generated under quiet conditions (no
precipitation of particles, longitudinal currents, or electrojet), when the HF pump is
radiated towards MZ at frequencies that are both lower and much higher (up to 2 MHz)
than the critical frequency of the F2 layer.

The features and physical driving mechanisms of AFAI are significantly different
for O- and X-mode HF pumping, presenting challenges for understanding the relevant
processes. It is well known that O-mode AFAI are excited at the pump frequencies of
S, </, through the thermal (resonance) parametric instability [12, 13]. What is the origin of
X-mode AFAI? The results from the EISCAT incoherent scatter radar (ISR) measurements
have demonstrated that the emergence of strong Ne ducts with field-aligned electron density
enhancements observed in a wide altitude range from 280-300 km up to about 600 km
is a typical phenomenon for X-mode pulses [14]. In the course of O-mode pulses Ne
enhancements did not usually occur. Note that Ne ducts induced by X-mode HF pumping
were created at pump frequencies both below and above the f__,. Moreover, it was found

12 IIpoonemvt Apkmuxu u Anmapxmuxu. 2025;71(1):6-16



LM. Egorov, N.F. Blagoveshchenskaya, A.S. Kalishin, T.D. Borisova, G.A. Zagorskiy
Features of small-scale artificial irregularities in the high latitude ionospheric F-region...

that the extent of the patch occupied by X-mode AFAI corresponded to the transverse
size of the Ne duct [15]. The results obtained give grounds for believing that the Ne duct
gives rise to X-mode AFAI Strong horizontal gradients in the electron density exist on the
boundaries of the Ne duct. The gradient drift instability can be excited on electron density
gradients in the presence of the electric field of the X-mode HF pump wave, producing
a wide spectrum of irregularities [16].

Summary

The paper presents results of research and comparison of AFAI features and
behavior upon O- and X-mode HF heating in the high latitude F-region of the ionosphere
using different diagnostic tools and methods. They include the following: the bi-static
scatter method using HF multichannel Doppler equipment and an oblique sounder and
the backscatter method of the coherent CUTLASS (SuperDARN) radar.

The joint use of various remote diagnostics tools provides a more comprehensive
and complete study of the behavior and characteristics of the AFAI induced by the O- and
X-mode HF pumping in the high-latitude F-region of the ionosphere, including the size
of the artificially disturbed region occupied with the AFAI the frequency band of BSS
signals, the fine structure of BSS, the intensity, growth and decay times. It was shown
that O- and X-mode AFAI have different characteristics and generation mechanisms.

It was found that X-mode AFAI are generated under quiet conditions, when
the HF pump wave was radiated towards MZ at frequencies that are both below and above
(up to 2 MHz) the critical frequency of the F2 layer. The results obtained give grounds for
believing that the strong horizontal gradients in the electron density on the boundaries of
the Ne duct in the presence of the electric field of the X-mode HF pump wave give rise
to the excitation of gradient drift instability, producing a wide spectrum of irregularities.
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Pacuupennslii pegepar

JlnarHocTHKa M MPOTHO3 SIBICHMH, MPOMCXOANINX B OKONO3eMHOM KOCMHYECKOM MPOCTPAHCTBE H 00-
YCTIOBIICHHBIX COTHEUHO-36MHBIMH CBSI35IMH, CTAHOBSTCS BCE O0IIee aKTyaIbHOM 3a1aueid, TOCKOIbKY TaM (yHK-
IIMOHUPYIOT aBTOMATHIECKIE KOCMIUECKHE aNTapaThl, paboTaloT KOCMOHABTHI HA IMHIOTHPYEMBIX KOCMITYECKHX
crannusax. Kpome Toro, nonocdepa — cpea, OKa3bIBaromias BIUSHIE HA PACIPOCTPAHSHNE PAANOBOIH, C YeM
CBsA3aHa Pab0TOCTIOCOOHOCTD CHCTEM PaAHOCBSA3H, HABHTALNH 1 TEIEKOMMYHHUKAIIHIL.

OnHEM U3 METONOB M3y4eHHS HOHOC(EpHI SBIACTCS BO3CHCTBHE HA HEE MOIIHBIM KOPOTKOBOIHOBBIM
(KB) pammomn3mydenneM ¢ TOMOIIBIO CIeNHanbHbIX HaseMHbIX KB panronepenaTdikoB 60MbIoi MOITHOCTH, TaK
Ha3biBaeMbIX KB HarpeBHbIX cTen0B. Momiabie KB painoBonHbl, B3anMOACHCTBYS ¢ HOHOC(EpOii, YCKOPSIOT
WIIH «Pa3orpeBarOT» 3IEKTPOHBI, BEIBOAA HOHOC(HEPHYIO ITa3My M3 COCTOSHHMA paBHOBecws. MccmenoBaHnus
BO3HHKAIOIIEH MPH 9TOM HCKYCCTBEHHO BO3MYIIEHHOH JIOKANBHOH 001aCTH HOHOC(EPBI IPUBICKAIOT 3HAUNTEIb-
HOE BHIMAHHUE YYEHbIX BO3BMOKHOCTBIO H3yYeHHs HE 10 KOHI[A TOHATHBIX Ha CETOHANIHMUI eHb (PU3HUECKHIX
0CcOOeHHOCTEH BapHallHii apamMeTpoB HOHOCHEPHI 10 CPABHEHHUIO C X HAOMIONCHHUSMH B €CTECTBEHHBIX YCIIO-
BHsX. B3ammopeiictBie Momnoi KB paanoBoiHbl ¢ HOHOC(EPOil BEI3BIBACT BOSHUKHOBEHNE PAa3HOOOPa3HBIX
HENMHEHHBIX ABJICHNH B HOHOC(Epe, KOTOPBIE MOTYT H3y4aThes Ha KOHTPOIMPYEMOil U TIOBTOPSEMOM OCHOBE.

OpanM 13 HanOosIee BBIIAOIINXCS SBNECHNH, 00HAPY/KEHHBIX B IKCIIEPHMEHTAX 10 BO3ICHCTBHIO MOIITHBIX
KB paanoBomns Ha HoHOC(EPY, ABISIETCSA F'eHEpaLis MENKOMACIITAOHBIX HCKYCCTBEHHBIX HOHOC(EPHBIX HEOTHO-
pomrocreii (MUVH). MAMH BbI3bIBatOT pakypcHOE paccesiHie KOPOTKOBOIHOBBIX H YIBTPAKOPOTKOBOIHOBBIX
(KB 1 YKB) curnanos, obecrieynBasi HX pacpOCTpaHEHHE B JUATIA30HE YACTOT M HA JAIBHOCTSIX, HEJIOCTIKH-
MBIX B €CTECTBEHHOI HOHOC(epe. Takinm 00pa3oM, MOABIAETCSA BO3MOKHOCTD CO3/[aHHS YIPABIIAEMBIX KAaHATIOB
pamuocsssu. s renepauun MUMH, kak npasuio, Ha Bcex KB HarpeBHbIX CTEHAaX MUpa MCHOJb3YIOTCS
morable KB paanoBomHbl 00bikHOBeHHOHN (O-MO/I) MOMAPHU3ALIH, KOTOPBIE SQ(QEKTUBHO B3aUMOJCHCTBYIOT
¢ HOHOC(ePHOH IMIa3MOM Ha BBICOTAX OTPAKEHHUS U BBICOTAX BEPXHETO TMOPHAHOTO pe30HaHca. PaguoBoIHbI
HEoOBIKHOBEHHOH (X-M0/a) MOMAPH3ALHUH OTPAXKAOTCS HIDKE ITHX BBICOT, IIOATOMY HE JOJKHBI BBI3BIBATH
renepanmo MUWH. Opnako pesynsraTsl HAlIMX HEAAaBHUX HKCIEPUMEHTOB Ha HarpeBHOM creniae EISCAT/
Heating yoenurensHo poaeMoHCTpupoBany, uto renepars MUWH npoucxonut u npu X-Harpese BHICOKO-
mupoTHOH F-006mact noHocgepsl.

B nanmnoii pabote mpencTaBieHsl pe3yasTarsl cpaBHeHus Xapakrepuctuk MUMH npu O- u X-Harpese
Ha OCHOBE MCIIOJb30BAaHHs METOIa paKypcHOro paccesHus auarnocrudeckux KB curnanos na MUUH c mo-
MOIIBIO CTAHIIHH HAKIIOHHOTO 30HANPOBaHIs HoHOC(epsl, korepentHOro KB nomneposckoro pagapa CUTLASS
(SuperDARN) 1 MHOTOKaHaIBHOTO JOTLIEPOBCKOTO KoMILTekca «Crektpy. [t MomuduKaniy BEICOKOIUPOT-
Hoit F-o6mactu nonocdepst nucnonb3obaics HarpesHoi cten EISCAT/Heating, pacnionoxeHHsli B T. TpoMcé,
Cesepnas Hopserus. Pesynbrarsl Obumn momydeHs! B meprof sxcepuMenta 18 despans 2013 r. B BeuepHue
Yachl MPH CTIOKOMHBIX MArHUTHBIX ycnoBHsX. Momuas KB pamnoBonHa n3inydanack B HapaBIeHNN MATHUTHOTO
3ennTa Ha vactore 4,445 MI'n. O-HarpeB MpOBOAMICA Ha 4aCTOTaX BOMM3H f,,, @ X-Harpes mpw f,, > f. .. Tlo-
Ka3aHo, 4TO COBMECTHOE MCIIONIb30BAHNE PA3IMUHBIX CPEICTB AUCTaHIMOHHOM auarnoctuku MAMH nossomuno
MOJTYYHTh HOBBIE IaHHbIEe 0 Xapakrepuctukax MUMH npu O- n X-Harpese, BKII04as pa3Mep HCKYCCTBEHHO
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UM. Ezopos, H.®. bnacosewenckasn, A.C. Kanuwun, T.J[. Bopucosa, I'A. 3acopckuti
XapakTepuCTHKU MeJIKOMACIITAOHBIX HCKYCCTBEHHBIX HEOTHOPOXHOCTEIA. .

BO3MYILEHHOH 00macT noHochepsl, 3austoir MUMH, muana3oH 4acToT, B KOTOPOM HaOTIONAIOTCS PaKypCHO-
paccestHHble curHanbl PPC, i MX TOHKYIO CTPYKTYpY, HHTCHCHBHOCTH, BPEMECHA HAPACTAHMS U PelaKCalluy
MUUH B BrIcOKOmHpOTHOI F-00macti nonocdepsl. [lokasano, uro MUMH npu O- u X-HarpeBe uMerot
Ppa3TMYHbIC XapAKTEPUCTUKH U MEXaHU3MBI TeHepanui. XapakrepHoit ocoberroctsio MUUH npu X-Harpese,
ABJAETCS BOSMOKHOCTb MX TEHEPAIIMH HE TONBKO Ha YaCTOTAX HIKE KPUTHIECKOH 4acToThl cnost F2 (f, < ),
KaK 9T0 IporcxoauT mpu O-Harpese, HO M Ha 9acTOTax CYIIECTBEHHO BHILIE (10 2 MI'I) KpHTHYECKOH YacTOTHI
F2 (f,,> Ji,)- Pe3ynbTaThl BHIOTHEHHBIX MCCIEIOBAHMIL IAFOT OCHOBAHMS TOJIATaTh, YTO CHJIHBIE TOPH3O0H-
TaJIbHBIC TPAJUEHTHI ANEKTPOHHOH KOHLEHTPALUH TIPH HAIMYMHN IEKTPUUISCKOTO MO MOIIHON X-BOJHBI,
MEPIEHNKYIIPHOTO MAarHUTHOMY TIOJIO, TIPHBOAAT K TEHEPALUH IPafieHTHO-APei(pOBOH HEYyCTOHUMBOCTH,
OTBETCTBEHHOH 32 Bo30yxnerne MUMH.

KitioueBblie ¢j10Ba: BHICOKOIIMPOTHAS HOHOC(EPA, NUCTAHIMOHHAS JUArHOCTHKA, MEIKOMACIITaOHBIE HCKYC-
CTBEHHbIE HOHOC(EPHBIE HEOAHOPOAHOCTH, MoLHas KB pa/inoBoIHa, HarpeBHOH CTEH T, paKypCHOE paccesHue
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